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Abstract: 

Nanomechanics of single-wall C, BN and BC$_3$ and B doped C nanotubes 

under axial compression and tension are investigated through a generalized tight-binding 

molecular dynamics (GTBMD) and {Sit ab-initio) electronic structure methods. 

The dynamic strength of BN, BC$_3$ and B doped C nanotubes for small 
axial strain are comparable to each other. The main difference is m the critical strain 
at which structural collapse occurs. For example, even a shallow doping with B 
lowers the value of critical strain for C nanotubes. The critical strain for BN 

nanotube is found to be more than that for the similar C nanotube. Once the structural collapse starts 

to occur we find that carbon nanotubes irreversibly go into plastic deformation regime 

via the formation of tetrahedral (four-fold coordinated) bonds at the location of sharp 

pinches or kinks. This finding is considerably different from the classical MD simulation 

results known so far. The energetics and electronic densities of states of the collapsed 

structures, investigated with {\it ab-initio) methods, will also be discussed. 
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! Plasticity of Carbon and CxByN z Nanotubes: 

j via a Quantum Molecular Dynamics Method 


^Motivation: 

O Carbon and other nano lubes could be usefu l as: 

reinforcing phase in novel composite materials 

- nanomechanical and nanoekctromechanical 
system components. 




Dee pa k Srivastava 

NASA Ames Research Center 
IT Modeling and Simulation Oroup at NAS/MRJ 
MS T27A-1, Moffett Field, CA 94035-1000 


Madhu Menon 

Department of Physics and Center tor Computational Sciences 
University of Kentucky, Lexington. K Y 40506 


|Statua: 

O Nanomechanics of Nanotu bes: 


- Youngs modulus-' 1-5 TPa range (eipt, theory) 

- Vncobmm et. at, Phys. Rev. Lett. (1996) - Shell model and 
classical MD simulation description of nanomechanics. 
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Route to Plasticity and Fracture of Axially 
Stressed Nanotubes 

- linear response followed by non-linear response 

- kinks, pinches and morphological buckled 

configurations but the lube remains completely clastic 

- route to plasticity is via Stone- Wale* bond rotation 
(5,7 pair) defect formation. 
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Under Coinpressioiuil strain two mmles are observed: 

- (a) - long multi-wall nanotubes behavi as elastic rods that 
buckle, bend and loop 

~|h> ~ thin walled nanotubes locally collapse or fracture rather 
than buckle 


Compression of Nanotubcs with a Quantum 
Molecular Dynamics Method 


Methodology: 

U - ll ♦ V * I' 

H rep 0 

U , - Sum | one electron energies] 
el 

IJ ^ - Sum ( repobive pair potential l occup|cd 
• Non-othogonal atomic basis GT8MI) method 


Secular Eq. det{hjj- Esjj} -0 
The forces on atomic coordinates are given by 
K \ - - dl/dx 

Molecular Dynamics : system is dynamically evolved 
at each time step 


Previous Paramelri/alion : Silicon and carbon 

M. Menon and K. R Subboswamy, Phys. Rev. 11 (1901-94} 

Extended to heterootomic systems including: Si, C, B. N 

A IV • > j 
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Compression of Carbon Nanotubes I 


O Energetics of collapse- plasticity of (8,0) CNT 
at 12% compression strain. 




QuaiSisn GTBMD Method 

ciuoked acombtk ( with T*r*rrf f-Rrm r»#r potential) 



O Spontaneous collapse- plasticity of (8.0) CNT through 
graphitic (sp2) to diamond like (sp3) type transition. 



(a) aid* vi«w (b) top view 


o Linear response regime ( Y - 1.3 TPa» followed by 
pinching/buclding Iclusacal Ml)) or collapse/ plasticity 
(quantum MD). 
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Compression of Carbon Nanotubes HI ! 



O Radial Distribution Function Analysis 
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Compression of Carbon Nanotubes IV 


O DFT-LDA analysis of (8,0) CNT collapse 


Simulation Parameters 

• 64 C atoms in Suparcel: JlM 3 xL [A 3 ], 

1,-6 1 - 8.7 A 

• K-pointi. two special points 

• E^ - 40 % 

• Plana Waves up to 36 OtK? basis functions 
- Up to 370 Mb A* CPU on T90 ® SDSC 



Simulation Results 

• Energy par C atom: 

£-0, E(C atom) « -154.72 eV 

e>0 12, Bafora Collapse 

E(C atom) - -153.81 eV 

After Collapse 

E(C atom) - -153.76 eV 

• K - 80 80 aV tn E(C atom) - K fc ? /2 

• Equivalent Young's modulus: Y » 4.7I : V> 

• Energy increase of collapsed section: 3.Q eV 

• Strain enaray decrease 58 2 (2n-t)/n [eV], 
where n is trie number of center CNT units 
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CxByNz Nanotubes 



Band gap engineering over a larger range should he 
possible: 

BN ~5.5eV 

BC 2 N - 2.0 eV 

r - 0 - 1 eV 


BC j - 0.S eV 

- a variety of junctions, quantum lots and 
superlatives should l>e possible 

- should lie more robust 


Example: Composite ( K>,0) nanotul* 




eConM ruction due to 

M>lnr BN U>wl 
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Cx By Nz Nanotubcs: 


Nano mechanics 



Nano- mechanics of Composite Nanotubcs ( 8 , 0 ) 


I 
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SimrluriUx collapsed C oanotul* Slnictur.iU> rollajtted BN (uuotulv 
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Comments: 


O Compression of ‘thin* Car boo sano tubes: 

- a novel route to piMtidty of carbon aanotubes 
vis collapse of nanotube la observed which is 

in agreement with recent experimental findings. 

- the plasticity ocean via graphitic (§p2) to diamond 
like (sp3) transition at the location of I be collapse. 

* ibis Units the elastic behavior of coaspremed aanotnbee 
to within 12% strain (120 GPa critical strews) before 
the tube collapses plastically. 

- these results have ini plications in engineering of 
nanotube baaed composite materials as well as 

electromechanical system*. 


O Compression of heteroatomie nanotubes: 

* B point defect tends to localize the position of the 
collapse at the position of the defect. 

• equivalent BN nanotube has similar strength and 
higher elastic limit than car boo nanolubes. 
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